A metallic film deposited upon a very cold substrate has a very disordered, or even amorphous structure. This has been verified by X-ray and electron diffraction [I, 21 . If the resistance of such a film is measured while the film is heated, a curve similar to the one in figure 1 is obtained. The film resistivity drops more in some temperature regions than in others as the structural order in the film increases [l, 21. We have utilized the method of superconducting tunnelling to study the phonon spectra of lead alloy films possessing different degrees of order. We will show that the latter property is important for the appearance of localized phonon modes. The way the phonon distribution looks like can be used to characterize the degree of order in the film.
Tunnelling into strong coupling superconductors is a powerful method to study the phonon distribution [3] . There is a very good correspondence between structure in the second voltage derivative of the tunnel current versus bias voltage, d21/dV2 vs. V, and critical points in the phonon density of states [4] . Lead is the prime example of a metal giving strong phonon induced structure [3] .
We have quench-condensed Pb alloys (with 10 at. % (*) Supported by the Swedish Natural Science Research Council.
of either Na, Mg, Zn, Ga, Ge, Ag, Cd, In, Sn, Sb, or Te) upon a substrate cooled to 0.4 K [5] . The phonon induced structure for these was generally very smeared (except for the In alloy). A peak due to longitudinal type modes was clearly resolved, while the transversal ones were very ill-defined. As the order increased by anneals to successively higher temperatures, the structure grew sharper and details appeared as shown in figure 2 .
A crystalline state with small grains is characterized by both transversal and longitudinal type phonon peaks. However the phonon life-times are still short. No charasteristic split of the transversal phonon distribution into two peaks [3, 61 can be noticed, and no localized phonon modes can be traced for PbIn. As the order is increased further, i. e. when The temperatures of transformations from one structural state (as characterized by the phonon structure) to another could be determined from resistance vs. temperature curves during annealing [7] . Three different transformations were noted : (i) One at low temperature from one amorphous (or so finely crystalline that the phonon distribution looked liquid The transformation temperatures were correlated with different physical and chemical properties of the impurity elements, and we found a strong correlation to the melting temperature. Particularly this is the case for the most pronounced of the transformations, the one that takes the film from an amorphous (as defined by the phonon spectrum) to a crystalline state. This is shown in figure 3 . Of course, the melting temperature of an element can be correlated in its turn with many other of its properties.
Our original motive of the investigation was to study localized phonon modes. As a sufficiently light atom is dissolved in a host matrix, it can vibrate with a frequency higher than those of the matrix. These phonon modes are localized in space [8] . In the case of PbIn, localized phonons have been studied previously by the tunnelling method [9-111. It is difficult to dissolve other elements in Pb. The only cases where one has a substantial solubility [12] are for In (68 %), Sn (3 %), and Na (1.8 %). It has been reported, though, that a considerably higher solubility has been achieved in metastable solutions [13- we did not see any localized modes in any lead-based alloy, but PbIn. We havediscovered that a certain amount of structural order is necessary for the localized modes to appear separated from the main distribution [15] . In PbIn they become evident first in long range ordered films (cf. Fig. 2 ). In several of the alloys the films have not reached this structural state even after annealing at room temperature. Hence we can explain why no local modes are seen in the Na, Mg, Sb and Te alloys.
Furthermore, at the relatively high temperature, where the film orders, impurities precipitate when the solubility limit is exceeded. This can easily be seen in the d21/dV2 vs. V curves which look like pure Pb ones. If we assume that we need about 0.5 at. % of an impurity to get a detectable signal (as for PbIn) [l I], we can on this account explain why no local modes are seen in the Zn, Ga, Ge, Ag and Cd alloys.
But still there is the case of Sn left to explain ! Sn is dissolved in Pb to an extent 112, 141 which should well exceed the observational limit. The film should also be a well ordered state as indicated by figure 2. The atomic masses of Sn and In are very similar, they seem to both be dissolved substitutionally in Pb [16], and they both have similar electron-phonon coupling strengths [3] . Hence Sn ought to give rise to local phonons similar to those of In in Pb. There are differences between In and Sn, though, that ought to be pointed out. They have different valency and their solubilities in Pb differ with an order of magnitude. The solution to the mystery of the lost Sn impurity modes might be connected to these facts.
